In this study, 2-oxopropylmethacrylate-terminated poly(N-vinyl-2-pyrrolidone) is produced by cationic polymerization using HClO 4 as an initiator. Termination (end capping) step is accomplished using 2-hydroxypropylmethacrylate (2HPMA) and the polymer product has different chain lengths of molecular weight averages ranging from 672 to 3049 g/mol. The study also synthesised amphipathic graft copolymers having hydrophobic poly(α-methylstyrene) as a backbone chain and hydrophilic poly(N-vinyl-2-pyrrolidone) (PVP) as side chains of various lengths. The copolymer synthesis was accomplished by free radical copolymerization of ω-oxopropylmethacrylate PVP in the presence of α-methyl styrene initiated with benzoyl peroxide. Measurements of the dynamic viscosity of the polymer solution (20% weight of macromonomers in ethanol) show that the viscosity is proportional to the average molecular weights n M . However, a reverse behaviour of the viscosity variation with regard to n M is observed for graft copolymer samples. The viscosity variation with respect to the graft copolymer mass must be due to steric effects, which are strongly pronounced in grafted copolymer chains. Appearance of the number of side chains attached to poly(α-methylstyrene) backbone reveals that the grafting reaction has occurred with good efficiency.
Introduction
Graft copolymers have important application in the polymer industry [1] [2] [3] [4] [5] [6] [7] and have recently received a lot of attention [8] [9] [10] In fact, these grafted copolymers are widely utilized as surface modifiers for coatings, adhesives, dispersants and compatibilizing agents in polymer blends and also for biomedical use. In particular, the amphiphilic graft copolymers have been extensively investigated for their particular physicochemical properties and self-assembly morphologies [11] . Especially, homo and copolymers of N-vinyl-2-pyrrolidone are of great interest in a number of industrial applications and have been utilized, for instance, in the preparation of membranes for ultrafiltration, as light sensitive coating material for lithographic printing plates and for the preparation of carbon fibers. Poly(N-vinyl-2-pyrrolidone) or PVP has good properties including high solubility in water and organic solvents, very low toxicity, good biocompatibility, high complexation ability and good film forming and adhesive characteristics [12] [13] [14] [15] . It is frequently used as a comonomer [16] mainly because of its amphiphilic character.
N-vinyl-2-pyrrolidone is very sensitive to most known free radical initiators and can lead to polymers of very high mass [17] , which may hinder the copolymer formation. Alternatively, cationic polymerization can be used to limit the growth of polymer mass to few thousands. Besides, the use of water, alcohols, acids or anhydrides can inhibit the growth of the polymeric chain by the fixation of OH -, OR -, RCOO -anions on the propagated carbocation [18, 19] .
This study has been conducted in order to produce amphiphilic graft copolymers with hydrophilic side chains of defined sizes. We have chosen a method using a precursory polymer [20] [21] [22] using a macromonomer, which was prepared according to the indirect method using an unsaturated deactivating agent. This study also reports the synthesis of oxopropylmethacrylate-terminated poly(N-vinyl-2-pyrolidone) macromonomers with various chain lengths. The structural influence of the macromonomers and the copolymers on the shear stress and dynamic viscosity was investigated
Results and Discussion

Characterization of PVP macromonomer
-UV analysis of methacryloyl chain end UV analysis was employed to observe the fixation of the chromophoric oxopropylmethacrylate group on the PVP chain end and also to determine the number-average molecular weight (M n ) of the polymer. Assuming only one chromophoric group was attached to the polymeric chain end and using molecular extinction coefficient of a molecular model, in this case the 2HPMA, the molecular weights of the samples were calculated. Thus, with the aid of a calibration curve representing the variations of the optical density according to the 2HPMA concentration in acetonitrile, a curve closely following the Beer Lambert's law ( Figure  1 ) was obtained and it allowed to determine the 2HPMA molecular extinction coefficient taken as a model (ε = 8463 at λ max = 220 nm in acetonitrile). The UV absorbance spectra in Figure 4 shows the disappearance of the monomer double bond (λ max = 235), and the appearance of a new maximum of absorbance at λ max = 210 nm which characterizes the oxopropylmethacrylate double bond. The values of the number-average molecular weights of the polymer, which were obtained from UV analysis, are listed in Table 1 .
Determination of the number-average molecular weights by viscosimetry
Viscosity measurements were used to determine average molecular weights of the synthesized polymer samples. The Mark-Houwink equation was employed to calculate the viscosity average molecular weights [23, 24] , [η] = K.M α . Table 1 provides the values of the average-number of molecular weights determined in three different ways: theoretically, by UV analysis and viscosity measurements.
Tab. 1. Number-average molecular weights of PVP polymers. Values of the number-average of molecular weights determined by UV analysis and viscosity measurements are quite close to theoretical ones. These results suggest that the contribution of transfer reactions may be of little importance and therefore the reaction can be assimilated to a "living system".
FT-IR analysis
The FT-IR spectra of the PVP macromonomer in Figure 5 shows a band absorption occurring at 1682 cm -1 which corresponds to the carbonyl group ( C=O ) and a peak at 2980 cm -1 due to C-H stretching in CH 2 and CH 3 groups . The bands appearing between 1418 and 1493 cm -1 correspond to the CH 2 scissor vibration of a VP unit. The peak at 1289 cm -1 is attributed to N-C stretching vibration. The bands lying in the range wavelength of 1207 -1026 cm -1 are assigned to the stretching C-O-C ester. However, peaks at lower wavelength of 752 cm -1 and 624 cm -1 correspond to the bending vibration of C-H and C-C, respectively. Upon observing the FT-IR spectra, one can notice the disappearance of the characteristic bands at 1630 and 981 cm -1 is related to the monomer double bond and the presence of a new characteristic peak at 1384 cm -1 which is due to the oxopropylmethacrylate double bond.
H-NMR analysis
The macromonomer 1 H-NMR spectrum plotted in Figure 6 shows the characteristic peaks of the ω-oxopropylmethacrylate PVP. The resonance signals between 5.32-5.35 ppm and 6.15 ppm correspond to protons "a" and "b", respectively. The methine backbone protons "g" of the VP units appears as a broad peak at 5.57-5.67 ppm. Further, the methylene protons "d" show resonance signals at 4.17 -4.22 ppm whereas protons "h", "j", "i" and "k" resonate at 3.20, 2.17-2.37 ppm, and 1.43-1.70 ppm, respectively. Finally, the methane protons "e" and "c" show resonance signals at 2.25 ppm and 2.02ppm, respectively.
Characterization of poly(α-methylstyrene) -graft -PVP copolymers
- 1
H-NMR and 13 C-NMR analysis
The poly(α-methylstyrene) -graft -PVP copolymers were characterized by 1 H-NMR and 13 C-NMR which generated the spectra shown in Figures 7 and 8 , respectively. 1 H-NMR analysis of the PVP side chains confirms that the chains are capped with poly(α-methylsyrene) backbone Figure7. The multiple of shift from 6.88 to 8.27 ppm is attributed to the phenyl group protons and the signal that resonates at 0.9-1.3 ppm is assigned to the -CH 3 of poly(α-methylsyrene) backbone. The signals observed at 4.95-5.45 and 2.12 ppm are attributed to the -CH-N-protons and -CH 2 -groups of the PVP side chains, respectively. The 13 C-NMR spectrum of the copolymer shows the possibility of chemical shifts occurring at about 125-132 ppm, 18.5 ppm and 17ppm, which are assigned to -C-H phenyl group, -C-and -CH 3 carbon atoms of the poly(α-methylstyrene) backbone, respectively. The peaks observed at 42.4-45.2 ppm, 35.7 ppm and 31.7 ppm may correspond to the -CH 2 -carbon atoms and those observed at 173-178 ppm and 59.7 ppm may be attributed to carbonyl and -CH carbon atoms of the PVP side chains, respectively.
Fig. 7.
1 H-NMR spectrum of poly(α-methylstyrene) -graft -PVP copolymer in CDCl 3 . Fig. 8 . 13 C-NMR spectrum of poly(α-methylstyrene) -graft -PVP copolymer in CDCl 3 .
-Determination of the graft average-number From the relative percentage of PVP length of the side chains compared to that of the poly(α-methylstyrene) backbone determined by 1 H-NMR and the number-average molecular weight M n determined by GPC, we have calculated the graft averagenumber of the graft copolymer. The results are listed in Table 2 . 
Copolymer
M n (GPC) Graft averagenumber PMeS-g-PVP 1 8500 3 PMeS-g-PVP 3 17.400 4 PMeS-g-PVP 5 21.000 5
Rheological study of the obtained polymers
Newtonian fluids are viscous fluids, which obey Newton's law of fluid motion. The shear stress τ generated by the fluid motion is proportional to the shear rate γ & according to the relation γ μ = τ & with μ being the fluid viscosity. In order to investigate the influence of the structure of graft copolymers and the number of side chains engaged in PMeS-g-PVP 1 , PMeS-g-PVP 3 and PMeS-g-PVP 5 copolymers on the dynamic viscosity, we carried out a rheological study on the PVP 1 , PVP 3 and PVP 5 samples as well as on their corresponding graft copolymer samples. Starting from stock solutions containing 20% (in weight) of polymer in ethanol, the rheograms of ω-oxopropylmethacrylate PVP in Figure 9 and graft polymers in Figure 10 exhibit variations of the shear stress against the shear rate. The plots reveal a normal expected rheological behaviour of the dynamic viscosity of each of these macromonomers, since the viscosity increases proportionally with M n . Similarly, Figure 10 shows rheograms of three graft copolymers samples PMeS-g-PVP 1 , PMeS-g-PVP 3 and PMeS-g-PV. Unlike the rheogram variations of the previous polymer samples, the dynamic viscosity of the graft copolymers is inversely proportional to M n variations. With reference to previous studies [25] [26] [27] [28] , the rheogram variations may probably be due to the number-average of side chains contained in each copolymer and also to the structure of the poly(α-methylstyrene) backbone. Besides, an increase in the steric effects in the graft copolymers causes a reduction of the shear stress, which thus implies a reduction of the dynamic viscosity.
In fact, the steric effects become more important in the copolymer when the number of side chains increases. Another explanation of the shear stress reduction in the graft copolymer can also be due to the presence of weaker Van Der Waals forces that may interact within this type of chains. However, these forces may be little more important within the chain network made out of polymer linear chains in which the contact area between the various macromonomer layers is more important. Hence, it may be postulated that the repulsion forces contribute to weaken the shear stress and consequently to reduce the dynamic viscosity.
In fact, in case of graft copolymers, repulsive interactions between closely side chains make the poly(α-methylstyrene) skeleton rigid. This fact is as important as side chains are long. Thus, the lengths of side chains influence the global rigidity of copolymer, and then its form. The repulsive forces between close side chains are the origin of the global extension of poly(α-methylstyrene) backbone, producing so a reduction of the shear stress and then a reduction of dynamic viscosity in comparison
Conclusions
In this study, oxopropylmethacrylate-terminated poly(N-vinyl-2-pyrrolidone) was produced by cationic polymerization using perchloric acid as an initiator. Termination (end capping) step was accomplished using 2-hydroxypropylmethacrylate and the polymer chains produced have molecular weight averages ranging from 672 to 3049 g/mol. Also, a series of amphiphilic graft copolymers were synthesized by free radical copolymerization, using benzoyl peroxide as an initiator. The graft copolymers consist of hydrophobic poly(α-methylstyrene) backbone and hydrophilic poly(N-vinyl-2-pyrrolidone) side chains. A rheological study was conducted on each of the PVP and the graft copolymers, considered separately. It was observed that the shear stress and the dynamic viscosity increase with the PVP polymer mass, but they decrease with that of the graft copolymer. The viscosity phenomenon with respect to the graft copolymer mass is likely due to steric effets, which are strongly pronounced in grafted copolymer chains.
Experimental
Materials
The monomers, N-vinyl-2-pyrrolidone (VP, Merck) and α-methylstyrene (MeS, Fluka), were purified by vacuum distillation. Perchloric acid (HClO 4 , Prolabo) is used as received. Benzoyl peroxide (Fluka) was employed as the free radical initiator for the polymerisation. All solvents, ether, chloroform (CHCl 3 ), tetrahydrofuran (THF) and cyclohexane, were purified by standard procedures.
Measurements
UV spectra were recorded on a Spectronic Genesys5 spectrometer using acetonitrile as a solvent. FT-IR spectra were performed on a Nicolet 520 by 4000 -400 cm -1 range spectrophotometer. The 1 H-NMR and 13 C-NMR spectra of the polymers were recorded at room temperature using a Bruker DPX 300 MHz spectrometer. Tetramethyl silane (TMS) was the internal reference. Molecular weight distribution was performed using a Packard-1110 gel permeation chromatograph (GPC) equipped with a refractive index detector in HPLC-grade tetrahydrofuran (THF, Merck) at a flow rate of 1 mL/min and three PL Gel columns with exclusion sizes of 10 3 , 10 4 , and 10 5 Å. The universal calibration curve, obtained with polystyrene standards. Viscosities of the polymer solutions with different concentration (0.1-1.0 g/dL) were measured with an Ubbelhode capillary viscometer. Dynamic viscosity was measured using a variable shear rate Rheometer (RS 600).
Synthesis of poly (N-vinyl-2-pyrrolidone) macromonomers
N-Vinyl-2-pyrrolidone (PV) was dissolved in 10 mL of freshly distilled chloroform and then placed under nitrogen atmosphere in a three-necked flask equipped with a condenser and magnetic stirring. The flask was thermostated at 30 °C and then perchloric acid was introduced into the mixture. After 24h, 2-hydroxypropylmethacrylate was added to the reaction mixture. The polymerization was terminated upon introducing dimethylamine. The precipitate was filtered, washed off with ether and dried in vacuum. Table 3 shows the experimental conditions and the experimental yields.
Synthesis of amphiphilic graft copolymer poly(α-methyl styrene)-graft-poly(Nvinylpyrrolidone)
20mL of freshly distilled THF were placed in a three-necked flask provided with a condenser, nitrogen and magnetic bar and thermostated at 60 °C .The PVP macromonomer and α-methylstyrene were dissolved in THF. The polymerization was initiated by benzoyl peroxide (see Table 4 ). After 24 hours, the copolymer was precipitated into an excess of cyclohexane in order to eliminate the poly(α-methylstyrene) homopolymer, then dried under vacuum dissolved in CHCl 3 and was finally precipitated in water to remove the PVP homopolymer.
Tab. 4.
Experimental conditions of the poly(α-methyl styrene)-graft-poly(Nvinylpyrrolidone) copolymers synthesis and molecular weight data. 
